Smart Lighting 

Lab Module 1: the Rhett Board – Kicking the Tires

Objective: This lab is all about familiarization with the Rhett Board. This unit is a USB-based data input/output board which can serve as a function generator and oscilloscope.  In this exercise we will learn about the hardware and explore its features and software environment via a set of demonstrations and basic experiments. Later, we will employ the Rhett Board in supporting the investigation of LED light and wireless optical communications. 

Key terms and units
Rhett Board: 
What we call the data acquisition board unit

Oscilloscope: 
A device for displaying electrical signals that vary over time

Function Generator: A device for creating time varying electrical signals

Background reading

· Voltage: http://en.wikipedia.org/wiki/Voltage
· Frequency and wavelength: http://en.wikipedia.org/wiki/Frequency
· Harmonic: http://en.wikipedia.org/wiki/Harmonic
· Square wave: http://en.wikipedia.org/wiki/Square_wave
· Pulse-width modulation (PWM): http://en.wikipedia.org/wiki/Pulse-width_modulation
· Oscilloscope: http://en.wikipedia.org/wiki/Oscilloscope (a microscope for signals)

· Spectrum Analyzer: http://en.wikipedia.org/wiki/Spectrum_analyzer
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Figure 1: The Rhett Board

Rhett Board and Mobile Studio Setup:
1. Find two adjacent computers in the lab. Each person should log into a machine next to your teammate(s). 

2. Check for the Mobile Studio Desktop icon. (Requires admin installation if not present.)

3. Double click to start

4. Unpack your lab kit with your team. Attach each Rhett board to a separate computer (it is possible to run multiple boards from a single computer but this is a less stable configuration).  Note your board number and letter (1a, 1b, etc.) – try to use the same unit in the same account and computer for each lab.

5. Plug your Rhett Board into the USB port. A blue light will turn on. If this is a first-time connection, you may need to install device drivers (requires admin access) and upgrade firmware (see the lab assistant).

Software Orientation
Here we will walk through the various functions provided by Mobile Studio as an interface to the Rhett Board.

The main applications within Mobile Studio are labeled:

· Arbitrary Waveform: generates waveforms on output pins

· Digital I/O: send or receive logic one or zero signals on output pins

· Function Generator: generate regular waveforms (sine, square, triangle)

· Oscilloscope: graphic display and measurement of time varying inputs

· Spectrum Analyzer: graphic display and measurement of signals on frequency axis
Walk Through

Digital I/O

1. Insert an LED from the kit into the pins: D1 and D2. 

· Use the Digital I/O application to toggle these two pins

· Turn LED on/off
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2. Insert the LED into PWM1 and DGND (polarity matters here)

· Use the PWM function to drive the LED on/off at different rates and duty cycles

· As the frequency is increased, at what point does the on-off cycle become invisible?
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Function Generator

1. Create a sine wave at 10 KHz on AWG1 (channel 1)

2. Create a sine wave shifted in phase by 90 degrees 

Oscilloscope

1. For Channel 1, set the input to AWG1, DC coupling

2. Start the measurement (big green button)

3. Observe the graphical output. Try the various controls that modify the result

a. Change timescale

b. Change signal amplitude scale

4. Enable Channel 2, input to AWG2, DC coupling

a. Note phase differences of two signals

Team Exercises

1. Using a jumper from the kit (a hardware, not a software connection), connect the digital I/O D1 to the oscilloscope channe1 (A1). Show how the signal level can be switched from logic low to logic high
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2. Remove the jumper and jump from PWM1 to A1. This connects the PWM signal to the input to the oscilloscope channel 1. Explore changes to the PWM signal displayed on the scope.
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3. Connect the function generator to the oscilloscope (what pins?). Show a square wave at 100Hz into the oscilloscope. Show a sine wave

4. Switch to the spectrum analyzer. Use this tool to explore the components of the input signal. 

· What are the frequency components of the sine wave?

· Of the Sawtooth Wave?

· Of the Square Wave?

5. Back to the Oscilloscope. Use the arbitrary waveform generator to create an output consisting of a sine wave at 1000Hz

· Play this to the stereo jack (how?)

· Add a second sine wave at 1000Hz but shifted in phase by 180deg. What does the combined signal look like?

· Change the second sine wave to 999 Hz. What happens?

6. Build up the harmonics

· Switch back to a the first 1000Hz signal

· Add a sine wave at 2000Hz and show the results in the spectrum analyzer and scope

· Add a sine wave at 3000Hz

· Add a sine wave at 4000 Hz

Discussion and Wrap up:

· Write up your results and observations in your lab book

· Be prepared to discuss your group’s results with the class

Notes:

· Oscilloscope is analogous to a microscope/magnification

· Can magnify in time dimension

· Can magnify in space dimension (signal size)
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